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f3with increasing impact severity. 
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I. INTRODUCTION 

The objectives of this program aE stated in the work statement 
have been: 

1. Evaluate the effectiveness and performance of the “Inflataband” 
restraint system as a viable method of protecting drivers and passengers 
involved in the head-on automotive crash environment. 

2. Evaluate the kinematic performance of the anthropometric 
dummies and volunteer human subjects tnder simulated impact conditions 
when restrained by the system mentioned above. 

In any program involving the use of human volunteers, every 
effort must be made to ensure the rights and welfare of the subject above 
and beyond the successful completion of program objectives. To accomplish 
the task, a test program was designed containing many essential features of 
previous successful human volunteer programs. 

The information contained in this final report describes the test 
procedures and documents the findings. The text represents the chrono- 
logical interval of February 21, 1975 to May 16, 1975 and summarizes 
the results of 69 dynamic sled tests, including 30 dummy tests and 39 
human tests. 
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II. SUMMARY AND CONCLUSIONS 

The program was conducted to completion as planned without 
major incident. In every test, the primary system functioned in a satis- 
factory manner and displayed the essential characteristics required of 
an effective restraint system. System activation and restraining forces 
were accomplished with minimal expenditure of time. As witnessed by 
the absence of significant trauma in the human volunteers, impact loads 
were effectively distributed over the chest and abdomen. Occupant 
kinematics were controlled by the system in such a manner that tendencies 
to submarine were minimal, and the displacements of vulnerable body 
elements were within the interior constraints of the vehicle simulated. 

Injuries to the human subjects consisted primarily of mild 
erythema to the face and neck; at the higher Impact severities, some 
residual neck soreness was documented in the post-impact evaluation forms 
completed by the volunteers. In terms of existing human tolerance criteria 
(head severity index - HSI, chest severity index - CSI and head injury 
criterion - HIC) and observed injury, the InflatabandTM provided effective 
occupant restraint in simulated head-on collisions for which the total 
velocity change was equivalent to a 30 mph barrier collision; however, 
conditions were so precisely controlled that the results represent the best 
possible situation which in reality may rarely exist. The influence of 
such variables as occupant physical condition, age, size, pre-impact 
position, muscle tone at impact, impact direction, etc. cannot be over- 
emphasized. It must also be recognized that the system as tested was 
purely a prototype and was not without operational problems as observed 
during the program. To be a production item, modification will be required. 

When comparing the results of d ummy tests with the results of 
human tests, the first notable discrepancy occurred in the kinematic 
response to impact. Because of the presence of muscle tone, the typical 
human response to impact was more subdued than that of the dummy. The 
test results (HSI, CSI, HIC, belt loads) for the low and intermediate impact 
severities indicate that the anthropometric d ummics’ responses to impact 
were conservative estimates of human response: however, at the higher 
levels (31 mph/49.9 kph sled total A v), the dumm y and human severity 
indicators converged to similar values indicating a potential threshold 
(for the system tested) above which muscle tone may not be as significant 
as at the lower impact severities. 



III. EVALUATION PROGRAM 

A. Program Plan 

The program as conducted at SwRI was divided into three (3) 
phases. The first phase consisted of the review of system testing results 
with dummies conducted at NADC, Philadelphia and a design review of the 
InflatabandTM. Prior to the first human test, all pressure components 
were proof tested to 10,000 psi (7031 kgs/mm2). Crlixcal load carrying 
components were tested to failure on tensile testing machines to document 
5 trength characteristics. These initial efforts were followed by sled 
tests for the purpose of qualifying the system for human testing. D-Y 
tests using three (3) d urnmy types (5th percentile female, 50th percentile 
male, and 95th percentile male) were conducted at a nominal total velocity 
change of 32.5 mph (52. 3 kph) and peak sled deceleration of 20 g’s. Test 
results were carefully reviewed In order to ascertain potential hazards 
snd operatlonal problems. 

The second phase was devoted to volunteer selection and indoctri- 
nation. In order to satisfy the doctrine of informed consent, all medically 
approved volunteers were given the opportunity to view the high speed film 
of a representatrve dummy test and experience a dynamic test (with 
deployment) at a nominal 8.5 mph (13.7 kph) sled velocity change. 

The third phase, denoted as prod xtion testing, incorporated the 
stepped-severity technique in which human SubJects are exposed to 
increasingly severe impact environments. Beginning at 12. 5 mph, (20. 1 

kph), tests were conducted at nine different impact severity levels, each 
step being 2. 5 mph (4.0 kph) greater in velocity change than the previous 
step. Each test series contained five (5j tests; the first two tests were 
conducted with anthropometric dumm ies followed by three (3) human tests. 
iS, test summary is presented in Table 1. 

E. Lmpac t Simulator 

The impact simulator utilized in the sled impact tests was an 
Impact/rebounding type, MTS Model 858.05 with modifications by SwRI. 
Propulsion IS provided by natural-rubber bungee cords, and the decel- 
eratlon pulse 1s generated as the sled (traveling at a specified velocity) 
Impacts the pneumatic programmer, The impact of the sled compresses 
a gas volum e s until the kinetic energy of the sled is absorbed. At this ! 
point, the potential energy stored in the compressed gas volume/s is 
released 1s the gas expands accelerating the sled on the rebound stroke. 
After losing contact with the programmer, the sled is slowed by the 
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Summary of ‘Iest Runs 

Test No. Date 

s37 
840 
841 
842 
843 
845 
851 
852 
853 
854 
856 
857 
858 

859 
860 
861 
862 
$63 
364 
865 
8bb 

867 
868 
871 
872 
881 
882 
884 
886 
887 

895 
897 
898 
900 
901 
906 
908 
909 
913 
914 

Z/21/75 32.4 (52. 2) 50th ATD 
316175 30.6 (49.3) 95th ATD 
3/7/75 32.6 (52. 5) 50th ATD 
3/10/75 32.6 (52. 5) 50th ATD 
3/11/75 33.2 (53.5) 50th ATD 
3/12/75 34.1 (54.9) 5th ATD 
3/13/75 10.3 (16.6) 50th ATD 
3/13/75 10.9 (17.5) 95th ATD 
3/14/75 00.0 (00.0) SwRI Staff 
3/14/75 9.8 (15. 8) No. 42 

3/17/75 10.2 (16.4) No. 1 
3/ 18/75 10. 1 (16.3) No. 16 
3/19/75 9.9 (15.9) No. 40 

3/19/75 9.9 (15.9) No. 21 
3/20/75 10. 1 (16.3) No. 24 
3/20/75 32.6 (52. 5) 50th ATD 
3/21/75 33.3 (53.6) 5th ATD 
3/24/75 31.4 (50.6) 50th ATD 
3/25/75 32.1 (51.7) 50th ATD 
3/25/75 9.5 (15.3) No. 33 
3/26/75 10.0 (16. 1) No. 13 
3127175 10.0 (16. 1) No. 28 
3/31/75 10. 1 (16.3) No. 35 
4/l/75 10.3 (16.6) No. 36 
41 l/75 10. 3 (16.6) No. 41 
414175 13.5 (21.7) 50th ATD 
4/4/75 13.2 (21.3) 95th ATD 
4/7/75 12. 3 (19. 8) No. 16 
4/8/75 12. 3 (19.8) No. 36 
4/8/75 12.2 (19.6) No. 33 

419175 15. 2 (24. 5) 50th ATD 
4/10/75 14.8 (23.8) 95th ATD 
4/ 10/75 14.9 (24.0) No. 1 
4/11/75 15.0 (24.2) No. 42 
4/11/75 14.9 (24.0) No. 41 
4/14/75 17.9 (28.8) 50th ATD 
4/15/75 17.4 (28. 0) 95th ATD 
4/ 15/75 17. 7 (28. 5) No. 13 
4/17/75 17.6 (28.3) No. 21 
4/17/75 17. 5 (28. 2) No. 40 

Sled A v 

mph tkph) Sub1 t’c t Remarks 

Qualification Test 
Secondary Restraint Test 
Qualification Test 

II 
II 
I! 

Preliminary Test 
II 

Static Sled/Dynamic Deployment 
Indoctrination Test 

I, 
I, 
1, 
II 
II 

Qualification Test 
II 
II 
II 

Indoctrination Test 
11 
II 
II 
(1 
II 

Production Test 
II 
II 
,I 
II 
II 
II 
II 
II 
1, 
11 
II 
II 
II 
II 
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Table 1 (Cont’d) 

Test No. Date 

918 
920 
922 
924 
925 

929 
931 
932 
934 
937 
940 
942 
943 
945 
946 
952 
954 

955 
r) 5 7 
058 
cl6 3 

qb5 

966 
0,s 

964 
973 

975 
976 
978 
Q79 

4/18/75 20.5 (33.0) 50th ATD 
4121175 20.2 (32.5) 95th ATD 
4/22/75 20.5 (33.0) No. 28 
4124175 20.5 (33.0) No. 24 
4124175 20.8 (33.5) No. 35 
4128175 - ( - 1 50th ATD 

4129175 22.1 (35.6) 95th ATD 
41.29175 22.4 (36.1) No. 13 
4130175 - ( ) - No. 1 
4130175 22.1 (35.6) No. 21 
511175 25.2 (40.6) 50th ATD 
5/2/75 24.3 (39.1) 95th ATD 
5/Z/75 24.4 (39.3) No. 41 
515175 24.3 (39.1) No. 40 
5/5/75 25. 1 (40.4) No. 16 
516175 27.5 (44.3) 50th ATD 
517175 27.1 (43.4) 95th ATD 
517175 27.1 (43.6) No. 24 
518175 28.2 (45.4) No. 35 
518175 27.6 (44.4) No. 28 
519175 30.8 (49.6) 50th ATD 
5112175 29.7 (47.8) 95th ATD 
5112175 30.2 (48.6) No. 16 
5113175 29.3 (47.2) No. 40 
5113175 29.3 (47.2) No. 1 
5114175 32.9 (53.0) 50th ATD 
5115175 32.0 (51.5) 95th ATD 
5/15/75 32.3 (52.0) No. 13 
5116175 32.3 (52.01 No. 24 
5116175 32. 1 (51.7) No. 28 

Sled 4v 

mph (kphf SubJ’?ct Remarks 

Production Test 
II 
II 
II 
I, 
II 
,I 
,I 
II 
II 
I, 
,, 
II 
,I 
I, 
II 
,I 
I, 
7, 
,I 
I, 
I, 
II 
II 
I, 
II 
I, 
II 
II 
II 
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stretching of the bungee cords. At a predetermined location on rebound, 
the sled brakes are actuated effecting a complete stop. 

c. Deceleration Pulse 

The deceleration pulse utilized for the 32.5 mph (52. 3 kph) total 
velocity change tests, Figure 1, was a SwRI approximation of a represen- 
tative 30 mph (48. 3 kph) barrier crash pulse for a 1972 Pinto. Although 
there was no attempt to do so, the SwRI pulse compared closely with the 
crash pulse used by Allied Chemical in a previous testing series conducted 
at their facility. The deceleration pulses used for the lower severity 
levels were scaled from the 32. 5 mph (52. 3 kph) pulse. Table 2 summ arizes 
the peak sled parameters as scaled from the 32. 5 mph (52. 3 kph) pulse. 

D. Sled Buck 

The sled buck used in the program was designed by SwRI to 
;imulate the essential features of the RFP (right front passenger) compart- 

ment of a 1972 Pinto. Restraint system anchor points (with respect to 
seat anchor points) were patterned after those used at NADC. The test 
set-up included a production, 1972 Pinto seat, a special head restraint, 
and seat ramp (Figure 2). Seat adjustment fore and aft was made to 
accommodate the anthropometrics of the volunteers. Figure 3 depicts 
in schematic form the attachment points, seat anchor points, etc. The 
buck had no provisions for simulated instrument panel or windshield. 

E. Primary Restraint System 

The InflatabandTM, Figure 4, as used in the test programis an 
inflatable three-point harness system with lap and over the shoulder 
components. Four major assemblies, Figure 5, comprise the system: 
the inflator, the buckle, the tongue and manifold and the band (including 
both lap and shoulder portions). Inflation is provided by a pressurized 
gas cylinder housing two electroexplosive devices (squibs). When an 
-mpact condition is detected, an electrical signal is generated activating 
the squibs. Squib activation creates sufficient overpressure of the stored 
Argon gas in the inflator to rupture a disc permitting the gas to flow through 
the ports In the buckle assembly into the lap and shoulder segments. The 
rubber inlet tubes, attached to the manifold assembly, direct the gas into 
the fabric portions of the band segments. At full inflation, the shoulder 
and lap band segments are approximately 18 inches (45.7 cm) m circum- 
ference. 

The system operation with an anthropometric dummy in a simulated 
crash situation is illustrated in Figure 6. Figure 6a shows the initial 
condition as the sled first contacts the programmer (denoted as time zero), 
A predetermined delay of 10 millisec occurs next in which nothing happens. 
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RUN NO .973 

Figure 1. SwRI Crash Pulse 

0 &oo ItiO.00 GO.00 do.00 
---1 
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Table 2 

Production Test Parameters (Nominal Values) 

Sled Velocity Change 

mph 044 

12.5 (20.1) 

15.0 (24. 2) 

17.5 (28.2) 

20.0 (32.2) 

22.5 (36. 2) 

25.0 (40.3) 

27. 5 (44. 3) 

30.0 (48.3) 

Sled Peak Deceleration 
g’ s 

7.5 

9. 0 

10.5 

12.0 

13.5 

15.5 

17.0 

18.5 

32. 5 (52.3) 20.0 
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FIGURE 17 - ECG AND RESPIRATION PATTERN 

(Top and Bottom Trace, Respectively) 
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5. Emergency facilities and contingency procedures. 

In granting nppro\al to conduct human testing, the Committee and project 
lnnnagement agreed that a program review would be made following the 
completion of the 17. 5 mph (28. 2 kph) level. The review was conducted, 
and the Committee granted approval to continue the program to completion 
unless conditions occurred that would require their attention. 

Internal to the project, staff meetings were routinely scheduled 
wnthin 24 hours after a test to review film and data from the previous 
tests. As each severity level was initiated, the decision to conduct 
the human segment was made only after the review data derived from the 
‘LITTO d ummy tests at that level indicated acceptable severity levels. 
Following each human test, both medical and engineering personnel 
carefully assessed the film records, the reduced data (HSI, CSI, HIC, 
head and chest 3ms max. resultant accelerations, sled parameters, 
EKG traces, respiration, blood pressure, and belt loads), hazards as 
created by operational problems (if any were observed), and the taped 
post test interview documenting post test trauma. As the volunteers were 
evaluated in light of these factors, the testing schedule was formulated 
around those volunteers who in the opinion of staff medical and engineering 
personnel would most likely experience a good ride. 

J. J’olunteer Protocol 

The volunteers utilized in the proTram were selected from an 
existing panel on the basis of anticipated impact response and anthro- 
pometrics. Twelve (12) volunteers were recruited ranging in age from 
20 to 28, each having some experience with sled impact tests. Table 4 
provides details in regards to anthropometric measurements and age. 

All volunteers had been required m preparation for a prior 
program to pass a physical examination which Included examination of 
heart, lungs, ENT, eyes, hearing, reilexes, muscle and joint motion and 
strength, pulse rate, B/P, certain anthropometric measurements, ECG 
after exercise, and a psychologic evaluation. All subjects also had had 
X-ray evaluation of the entire spine and all major bones and Joints by a 
series of 22 X-ray views. Any significant abnormality such as arthritis, 
calcified cartilaginous fragments, ununited fracture, cortical thinning, 
etc n was a cause for rejection. In addition, each volunteer had enzyme 
studies performed in the pretest period to include SGOT, CPK, and LDH. 
This provided baseline data for needed later comparison with enzyme 
values obtained in the post impact period should a question of possible 
myocardial contusion arise. Prior to this series of tests, an interval 
type of history and physical examination was performed in order to insure 
ourselves of the fact that no significant deterioration of health had 
occurred since the last program in which these volunteers had participated. 
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Upon satisfactory completion of the medical examination, the 
subjects \\ere elven a verbal orientation which included an opportunity to 
view a representative dumm y sled test, an explanation of the test systems, 
orogram oblectlves, and an explanation of potential hazards (See Appendix 

B). Only after completing the entire orientation, was the volunteer asked 
to srgn an Informed Consent Form, Appendix B. 

Each volunteer expressing his desire to participate in the program 
was “fitted” to the test fixture. The fitting procedure consisted of 
seating the volunteer in the buck and adjusting the seat fore and aft 
until a position both comfortable and functional was determined. In this 
stating position, the distance from the left lap anchor point to the H-point 
was measured and recorded. This information was required in order to 
make up restraint system assemblies in advance since the position of the 
inflator was not adjustable once installed in the buck. 

As each volunteer reported for his production test, he received 
a pre-test briefing. If available, he was allowed to \new test film of the 
preceding human run and his last run. Each film viewed was critiqued 
to point out good and bad characteristics. There is no doubt that the pre- 
test briefings assisted the volunteers and helped them learn how to ride 
and prepare mentally for the impact. 

For each human test (indoctrination and production) the physician 
11 attendance administered a brief physical examination of the volunteer 
to check the heart, lungs, Joint mobility, coordination, and equilibrium. 
The subject was then instrumented for ECG and blood pressure. Each 
volunteer wore tight fitting “ski pajama” tops and bottoms and low top 
tennis shoes. For additional protection, each volunteer was required to 
tse ear plugs (to preclude potential hearing loss that might be caused by 
the report of the inflator), a rubber mouthpiece for tooth protection, 
plastic goggles over the eyes, a wet suit hood over the head (to prevent 
abrasions of the neck as caused by occupant motion relative to the shoulder 
band), chamls on the right arm, chest, and abdomen (to prevent pene- 
tration of the skin by metal fragments), and foam pad over the right 
lnguinal region to attenuate the “slapping” effect of the lap band. 

In all tests, the volunteers were seated in the forward facing 
position, and centered laterally along the seat line. To consistently 
tighten the shoulder and lap bands of the restraint system, the same team 
members performed the function each time. The shoulder band was 
tightened so that two fingers would snugly fit between the band and 
volunteer in the area of the right clavicle. The lap band was similarly 
tightened with two fingers fitting snugly between the band and hip of the 
volunteer. 

Pre-test briefing emphasized the importance of coordinated body 
bracing. Each volunteer was instructed on hand position, head position, 
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and muscle tone, His hands were placed on his thighs (just above the 
blee) with his thumbs inward. His head was upright in a nornrtl driving 
position. 

Following the test, a quick look at the vital signs was made to 
determlne volunteer condition. An interview and examlnatlon were made 
to obtain subjective reaction as well as evaluate and record trauma. 
Subsequent to this post-impact examination, each subject completed a 
survey of physical symptoms experienced, and indicated the location of 
symptoms appropriately on the Physical Syrrptoms Survey Sheet (Figure 
18). Subjective reports were also completed by the SubJect immediately 
post test, and after 24 and 72 hours (Figure 19). 

K. Data Reduction 

To provide the time variant and accumulative quantities indicative 
01 crash severity and/or inJury (HSI, HIC, etc), eleven (11) data channels 
were digitized (sled acceleration, time zero, chest triaxial accelerations, 
head triaxial accelerations, head biaxial accelerations, head axial 
acceleration) at a sampling rate of 2000 Hz per channel. Each data 
channel was filtered prior to digitization in accordance with the specifi- 
cations of SAE T211a. 

Within five minutes post impact, the computer had processed the 
digltlzed data, and output was available. Figure 20 is a representative 
sample of the immediate output. The mathematical expressions used to 
compute HSI, CSI, HIC, sled velocity, head resultant acceleration, chest 
resultant acceleration, head angular accthleration, and head angular 
\ elocity are presented in Appendix C. Beyond the data reduction as 
obtained immediately after the test, additional reduction was done to 
correct toe pan force values for inertial loading of the foot load plate. 

The system of transducers used to measure toe pan loads mas 
L onstructed in such a manner that the indicated loads were composed of 
two forces, each having components in the directions of measurement. 
One set of forces (set meaning the left and right) was due to the forces 
generated by the occupant while the other set was due to the inertial forces 
of the load plate during impact. The peak resultant toe pan loads tabulated 
In Table 5 were corrected by subtracting from the total indicated loads the 
appropriate value of inertial loading as dtscussed in Appendix C. 

To determine the equivalent stopping distance for a simulated impact 
on the SvGI system, the velocity vs. time curve was Integrated. The 
derived value, as for a real barrier crash, is composed of two equivalent 
parts; one part is non recoverable in the form of permanent crush while 
the other part is recoverable in the form of elastic deformation. For the 
32.5 mph (52.3 kph) series the total dynamic crush would be the area 
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INIYLATABAND PROGRAM 

Figure 18 

LET-iCmlvq coil-q: ---__-- 
A. N. -- -- 
1, . 0 L i, . --- 
C, P L CC. 
n. 0 L- un. 
I: R L Fr. 

F. 5. FP. 
c. T. cc. 
II. U . c---- 
T. I’ -- . 

J. \!. -- 
1: . x. 
L. Y. -- -- 
:' ‘- 7 = a. 
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ii’m NO. 973 
5/1-Q/75 50% DUMMY I l-4020-101 

CAL 
.0a0 -8.062 8.906 8.757 9.160 8.238 

7.789 8.808 9.365 

OFFSET 
.000 .I95 .139 .I78 .I36 -.271 
.018 -.030 .203 

TIME AC-SL VL-SL AC-HD AC-CH SI-HD SI-CH AA-HD At’-HD 

.000 4 
I,:, 

-. 0 -7 1.3 0 0 358 .4 
.025 3.6 23.6 14.3 51 14 3285 18. 1 
.050 17.7 12.5 12.5 18.3 64 39 474 29.9 
.ff75 15.2 22.0 22.8 18.2 114 73 1429 59.7 
.100 9.4 29.6 18.4 16.6 169 109 1643 71.3 
.I25 3.0 32.7 14.4 8.5 200 125 1208 56.7 
. 150 -.3 32.6 8.8 1.7 213 127 ‘1019 46.8 
.175 -.0 32.4 7.1 3.8 217 128 127 1 45.8 
.200 -.5 32.2 35.4 2.7 245 129 2781 74.6 
.225 -.4 32.1 4.6 3.7 285 130 13168 165-9 
.250 -.7 31.8 4.7 2.1 286 1 JO 1299 44.9 
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8.184 8.905 

.020 -.078 

MAX SLED ACCEL. IS 19.9 AT .037 SEC 

MAX SLED VEL. IS 32.9 AT .129 SEC 

HEAD-3MS MAX OF 36.2 AT .202 SEC 
CHEST-3MS MAX OF 19.9 AT .024 SEC 

HEAD-3HS MAX OF 31.7 AT .022 SEC 
CHEST-3MS MAX OF 19.2 AT .088 SEC 

HEAD-3MS MAX OF 31.7 AT .200 SEC 
CHEST-3MS MAX OF 18.7 AT .060 SEC 

HEAD-3MS MAX OF 24.6 AT ,089 SEC 
CHESl-3MS MAX OF 17.8 AT .030 SEC 

HEAD-3MS MAX OF 24.3 AT .073 SEC 
CHEST-3MS MAX OF 16.6 AT .I01 SEC 

. 
HXC IS 197.1 DURING .011 TO 0205 SEC 

CAL 
.000 -8.062 8.919 8.752 9.151 

7.781 0.800 9.354 

OFFSET 
.000 .I93 
.003 -.040 

END OF FILE 
STOP 

.143 l 168 . I 27 

.I88 

8.260 8.200 8.910 

-.266 .02? -.084 

Figure 20. Computer Print- out 
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“AT ” with “Ae” being analogous to the elastic deformation, Figure 21. 
The permanent deformation may be determined by subtracting Ae from 

AT. Typlcal values for the final test series were as follows: 

indicated dynamic crush= 29.6 in (75. 1 cm) 
indicated elastic deformation -1. C in (2. 5 cm). 
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- --- 

Figure 21. Velocity vs. Time, Test ‘173 
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11 . PROGRAM RESULTS 

Program results are presented in the form of t.l’*ulated dat 
lC Tts (Table 5), reference point trajectories (F1gurr.s -2 throcrgh :cJ), 

n/i curves indicative of occupant response as a function (31 Impact 
rluures 177 and 38). These items s ummarize inform it,on derived from 

t nhotogrsphic coverage of the 32. 5 mph (52.3 knh sLrles and tEc 
-Ilog transducer signals, Appendix D. The pho+ogra,Ohlcxlly derived 

L A rrriation (Figures 22 through 36) was not correct-c’ i 1 caneera 
7 -allCx and should be used only as a relative inciil I t 1 ior ~~,‘np~\~~ ur 
ol. responses. Medical observations are documenters 1 1.a blec t J ‘1 d 7. 
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HORI 20 NTAL INCHES 

RUN NO. 973 

L 500/o ATD 
32-g mah 

Figure 22. Reference Point Trajectories 
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Figure 23. Reference Point TraJcCtorle\ 
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Figure 24. Reference Point Trajectories 
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Figure 25. Reference Point Trajectories 
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Figure 37. rota1 Belt Loads vs. Peak Sled Deceleration 



GO 

300 

X 
W 
L3 
z 

E 

E w 2oc 
> 
W 
CA 

+ AVG. HUMAN HSI AT 250 MS 

A AVG. DUMMY HSI AT 250 MS 

o AVG. DUMMY CSI AT 250 MS 
x AVG. HUMAN CSI AT 250 MS 

15.0 20.0 25.0 30.0 

SLED VELOCITY CHANGE 

MPH 

Figure 38. Average Severity Index vs. Sled Velocity Change 



: 

61 



t 

62 

TABLF 7 

MEDICAL DATA SUMMARY FOR JXFLATABWD%STS WITH HUMAN SuBsEcTS 

Run No. Vol. No. Sled Accel. Sled Vel. Mam Complamt ECG Changed 
(9) (qh) (see FlU.8) 

354 42 - 
856 1 4.5 
857 16 4.5 
858 40 4.4 
859 21 4.4 
860 24 4.6 
865 33 4.3 
866 13 4.6 
867 28 4.5 
868 35 4.8 
871 36 4.8 
872 41 4.7 

8.s(ncm.)- 
10.2 
10.1 
9.9 
9.9 

10.1 
9.5 

10.0 
10.0 
10.1 
10.3 
10.3 

884 16 6.8 12.3 
886 36 6.8 12.3 
887 33 6.8 12.2 
898 1 8.2 14.9 
900 42 8.3 15.0 
901 41 8.2 14.9 
909 13 10.2 17.7 
413 21 10.0 17.6 

C' 14 40 10.0 
922 28 Il.3 
924 24 11.1 
925 35 11 6 
9 32 13 13.0 
034 1 13.5 
$37 21 12.7 

- 
56, K2 
- 
D2, L2 

22.Yncm.jC3, 13 

17.5 
20.5 
' I.5 
20.8 
22.4 

22.1 14, 53, F2, G2 

13; 41 14.7 24.4 
945 40 14.7 24.3 
'146 16 14.7 25.1 
955 24 15.7 27.1 
957 35 16.1 28.2 

958 28 16.0 27.6 
966 16 18.3 30.2 
968 40 17.6 29.3 
969 1 17.8 29.3 

976 13 19.6 32.3 
978 24 19.7 32.3 
979 28 19.6 32.1 

T 4 = T wave mverslon 
--?rN/T = Returned tonozmal/trace 

C3, 13 
K6, c4 
B5, K2 
B7, L6, 15, M5 
B7, E6, K6 
17, K6 
13, cb, G2 
B2, C2, K2 
- 
C6, D6, H5, 15 
C4, 14, D3, E3, 
L3, M3 
C4, K4 
KS, c4 
K2 
L4, c3 
- 
14, C3 
D2, 12 
D5, C4, E4, 
G4, J4 
- 

C4, 13, 53 
A2, K2 
B4, C4, 12 

c2 

- 
C4, 54, 13 
K2 
C3, D2, E2, 
F2. J2 
c2, L2 
B2, C2, R2 

N/T 
T flat +N/T 
N/T 
N/T 
N/T 
T flat *N/T 
T flat -+N/T 
N/T 
T flat --+-N/T 
N/T 
N/T 

N/T 
N/T 
N/T 
T flat -N/T 
TS -7N/T 
N/T 
N/T 
N/T 

L 
T flat ->N/T 
N/T 
N/T 
N/T 
TG -3+/T 
N/T 
T flat ->N/T 
Premature ventricular con{ ractlon 
x 2 prempact -->N/T p>tt-mpart 
N/T 
N/T 
N/T 
T flat ->N/T 
T flat -+N/T 
Premature ventricul0r Lent-acCirr 
x 3 post-impact 
-*N/T 
N/T 
N/T 
T flat ->N/T 
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V. DISCUSSION 

A. Operational Problems 

The major problem of significance was created by the passage 
of metal debris from the inflator into the band segments. On three 
occasions (Test Nos. 841, 866 and 895), particles perforated the band 
material. To reduce the hazard of the volunteer being injured by 
penetrating particles, several measures were undertaken. 

As a first attempt at retaining large pieces of material within 
the generator, a deformation cavity was created to “catch” the rupture 
disc. Smaller particles (less than 3mm x 31nm) received special con- 
sideration as they would not be effectively retained in the inflator 100 
percent of the time without major modifications. To protect against 
small particles, chamois cloth was inserted in the areas of potential 
impingement on the arms and abdomen of the volunteers. In addition, the 
shoulder/lap band was sewn with double layer material in the area where 
the gas is vented into the band segments, 

In none of the three observed cases of band penetration was the 
performance of the system degradated or a volunteer injured. 

B. Seat Deterioration 

As the program did not have available an adequate supply of 
seats, it was necessary to utilize the same seat in a number of tests. To 
minimize the influence on system performance as created by seat 
deterioration, a control program was initiated to keep a history on the 
deformation characteristics of each seat used more than once. Following 
each test, the seat pan deflection from a reference point was measured 
rn response to the application of a consistent load. Seats were discarded 
when measurements indicated more than one-half inch of change from the 
mitral condition. For the 30 mph (48.3 kph) and 32.5 mph (52.3 kph) test 
series, seats were used only once. 

Seat back deformation was periodically checked with an automatic 
protractor. The angular deviation was not more than two degrees, Seat 
back deviation was probably minimized by the restricting of rearward 
deflection upon occupant rebound. Between the seat and the headrest, a 
collapsible styrofoam and Ensolite pad was inserted to absorb rebound 
energy and limit rearward displacement. 

C. Dummy/Human Performance 

The performance of the anthropometric dummies used for the 
production testing was satisfactory. Component problems were minimal 
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with the only failure being the neck element of Humanoid Dumrn y S/N 182. 
The torso of both 50th percentile dummies were disassembled during the 
course of the program for reworking shoulder and arm joints which were 
prone to gall after minor use. The problem appears to be caused by a 
joint material incompatibility. 

Prior to its usage in a test, the dummy’s joints were checked for 
operation and adjustment. Each limb joint was set for the standard one g 
threshold when extended horizontally. Because of the limited joint 
resistance, several distinct differences were observed between human and 
dummy kinematic response as listed below: 

1. Torso rotation. Particularly with the 50th percentile ATD, 
the torso rotates about the shoulder band, During impact, the left 
shoulder is not braced sufficiently to counteract the moment created by 
the band reaction loading on the right sho Ilder. 

2. Lateral displacement. Because of torso rotation and the 
reflection of the head as it rebounds from the band, the dummies rebound 
to the left of the seat center line. Revielr of Figures 32 through 36 
showing lateral head displacement for the 32. 5 mph (52.3 kph) series 
indicate that the lateral excursions were oounded by the dummies: the 
extreme being that of the 50th percentile d ummy and the minimal excursion 
being that of the 95th percentile dummy. 

3. Combined belt loads. The data summarized in Figure 37 
Indicate that the load transmitting capacity of the legs for both dummy 
types is much less than that of the volunteer. This is also verified b\ 
the toe pan loads tabulated in Table 5. 

4. Rebound deceleration. Review of the computer plots presented 
in Appendix E indicate that the dummies experience large deceleration 
values on rebound, Above 27.5 mph (44.3 kph), the differences in rebound 
levels between human and d ummies are less pronounced contributing to the 
convergence of the human and dummy parameters plotted in Figure 39. 
These results indicate the existence of a threshold above the 32-34 mph 
(51.5 - 54.7 kph) region in which the effect of muscle tone is not as signif- 
rcant as it is at the lower impact severities. 

The review of the photographic records reveal that subjectively 
those volunteers similar in size and weight to the 95th percentile dummy 
exhibit similar kinematic responses. In addition, it appears that the 
InflatabandTM is best suited for the 95thtpercentile occupant as it more 
effectively controls the kinematics of impact. As observed in the 32.5 mph 
(52. 3 kph) series, Figures 28 and 33, head flexion (as well as rate of 
change in head angular position) and lateral displacement are minimal, 
the reason being that the chin overides the deployed band providing head 
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I IIf c1111y 51~lrlrf1c ,tnt (or>lplJ1nt W~ILC 11 <r~rl I( ( I IIll Ill‘ Il’llrlll*l , 
11 10 If II 01f ~rfrp,lc 1 f,tc rlity and w<~c, r~p0rt.c (I on (I)# ‘>~iii,g ( ~IL’( 1) ( j>r,t I 
I Igllr( 13) E/,L\ that of Ttlff ntck. Volunteer II 1, aEtc*r C1 rltl(- <It 2’). : rlrl)l~ 

t*i.L Iph) $t.ated he had developed a stiff neck within 23 Iluurs of thc~ test 
d,-id that It remained mildly stiff for 72 hllurs and gradually resell cd. 
\ ollu~tecr + 13 developed a sore neck app -oximately 5 L hours after rmpdc t 
at 32. 3 mph (52 kph). Within 3 hours he found he couldn’t turn his head 
to the right without pain. In 72 hours he found he had only residual 
soreness In turning his head to the right. Volunteer $16 who was impacted 
at 30, 2 mph (48.6 kph) developed onset of neck pain within 24 hours of 
Impact and this continued for 48 hours. He also debeloped a bruise of the 
right cheek which lasted for 3 days. All three volunteers had remission 
of all nc Lh symptoms within 96 hours after impact. 
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System Activation Methodology 

The firing system consisted of two independent firing circuits, one 
primary circuit and one secondary or backup circuit. Both systems used 
prozumlty switches that were triggered as the sled passed a specific 
location in its approach to the programmer. The primary firing circuit 
was located at the sled control console, and the secondary circuit was 
mounted on board the sled. 

The primary circuit had a circuit to visually indicate power 
:iource voltage. The visual display was a LED that would not function 
rnless the battery voltage was greater th.xn 11.5 volts. Also a LED was 
L sed to indicate proximity switch status EO that the operation and 
connection of the switch could be verified before each test. A resistor 
divider circuit was used to give a one volt output when the firing switch 
was closed for recording purposes (system function). The output of the 
primary circuit was shorted until 30 seconds before test to preclude 
Inadvertent activation of the system. 

The secondary circuit utilized only one LED as an indication of 
both switch closure and battery voltage. In order to isolate the operation 
of each circuit, stirring diodes were used as shown in Figure A-l. 



-_ 

A-2 

PROXIMITY 
SWITCH 

N.0 
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Figure A-l. Squib Firing System 
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Explanation to Volunteers of Risk Potential 

You have volunteered to participate in a program designed to 
tc\t automobile seat belt restraints by the Department of Bioengineering 
and the Division of Automotive Research at SwRI. These seat belts are 
known as Inflatabands and look very much like the belts in your own 
vehicle with the lap and over-the-shoulder components. These belts 
are designed so that upon impact a sensor triggers a pyrotechnic device 
which releases gas into each of the two belt components thereby inflating 
them and producing a cushioning as well as restraining effect. This 
restraint system has previously been tec,ted with dumm ies but has never 
previously been tested with humans. It is our plan to start this test 
by giving the volunteers an indoctrination ride at 8. 5 mph (13. 7 kph) to 
acquaint them with the sensations they may experience in the evaluation 
tests later on. The evaluation tests ~11 commence at a total velocity 
change of 12.5 mph (20.1 kph) and increase the velocity in increments of 
2. 5 mph (4.0 kphj until we achieve 30 mph (48.3 kph). In every instance 
as we Increase the velocity by 2. 5 mph 14 kph), the first two tests at 
the new speed will be conducted with anthropometric d ummies as subjects. 
Onlv after me determine how they have come through the test and know 
here’s no possibility of danger will the human volunteer be permitted to 

oe tested at the new velocity. 

In every test that we run at any velocity we will use a back up 
restraint system which will serve to keep you from being injured. This 
restraint system was used for human volunteers at Naval Air Development 
Center, U.S. Naval Base, Philadelphia, Pennsylvania in testing the 
erfccti\reness of another type of energy absorbing seat belt restraint. 
It IS placed around you in such a way as io prevent you from being thrown 
against the lnterlor of the sled or being ejected from the sled if the 
Inflataband fails for anv reason. 

In testing seat belt restraints of the 3-point type (lap and over- 
the-shoulder components) the main concerns in regard to injury production 
are: 

1. Failure of the system and injury by impact against sled interior 
or being ejected. This cannot occur in this instance because of the back up 
restraint system. 

2. Abrasions, contusions and lacerations produced by the belts 
in contact with your body. All belt placement will be checked by the 
team prior to sled release to insure proper placement. If necessary 
additional padding or clothing will be worn to minimize this possibility. 



3. Strains to neck and shoulders. This has been in the past the 
~aln deterrent to testing human volunteers beyond 17. 5 mph (28.2 kph). 
With L\pproprlate instruction of the volunteer as to how to tense his 
muscles prior to impact, how to lean into the shoulder restraint and how 
TV bract himself, this can be and has been minimized in the tests at 
Philadelphia. In spite of these measures you will feel some neck and 
shouldcr dLscomfort beyond 15 - 17.5 mph (24.2 - 28. 2 kph). 

A physician will be in constant attendance at these tests. He will 
have resuscitative equipment on hand to include a portable resuscitator 
with oxygen, tourniquets, splints and those other tools needed should 
serious injury occur. In addition a litter and ambulance are immediately 
available for transporting an injured volunteer to the nearest hospital 
(7 minutes from SwRI) should this be needed. 

After each test you participate in, you will be interviewed by the 
team physician as to your reactions to tht: test and will be examined by 
him, to be sure your clinical condition remains normal. In addition you 
will have an opportunity to view the films of one of the rides so that you 
can see the response of that subject to the impact. This will enable you 
to be better prepared for your next ride should you decide to continue in 
the program. 

You will be permitted to withdraw from his program at any time 
York dcclde to do so without prejudice. 
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I. 

resld~ng at 
. . 

herr by acknowledge and certrfy to the followmg: 

1, That I hereby volunteer and consent to partlclpate as a human 
fest subJect tn an experiment desrgned to evaluate the efftctlveness of a 
driver “Inflataband” seat belt restraint system by rrdmg In a test “buck” 
on the SwRI Crash Impact Facility Sled at a simulated barrier crash 
impact speed not t6 exceed a 30 mph (48.3 kph) velocity change, M 

2. That I have been given, in my opinion, an adequate explanatron 
of the nature, duration and purpose of the experiment, the means by 
which the experiment ~11 be conducted and any possible mconvenlences , 
hazards, discomforts, risks, and adverse effects on my health which could 
result from my participation therein; 

3. That I understand my questions concerning procedures which 
affect me will be answered fully and promptly; 

4. That I understand that I have the right to withdraw my consent 
and to d~scontmue particrpatron m thus experiment at any trme wlthout 
preludrce regardless of the status of the experiment and regardless of 
the cffec t of such wlthdrawal on the ObJeCtlveS and results which the 
c.upcrlment IS designed to achieve; and I also understand that my partlcipa- 
(ton In the experiment may be termmated at any trme by the mvestrgator 
in charge of the proJect or the phy8lcian supervlsmg the prOJeCt regardless 
of my wrshes m the matter; 

5. That I hereby understand and agree that I will be subJected 
to an Interval type of physical exarnrnatlon and wrll mform the phy8lcLan 
s upe rvlsrng the experiment, or the investigator m charge, of any change 
in my medLca1 history, which mformatlon will include any medications I 
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6. That I attained the age of years on my last birthday 
which was and that I am executing this Volunteer’s 
Informed Consent as my frke act and deed. 

Executed this day of , 1975. 

Jlxecuted in my presence and 
1 111t presence of each other 

Signature of volunteer 

George C. Lawrason 
Director, Automotive Research 
Dlvlslon H. Haskell Zlperman, M.D. 

DI rertnr nf=nartmz=nt nf R.nc.nT."r.nr. -- 
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Mathematical Expressions Utihzed 

The digital computer program calculated the following quantities 
irom the digitized data: 

1. Sled Velocity Change 
2. Resultant Head Acceleration 
3. Resultant Chest Acceleration 
4. Head Severity Index 
5. Chest Severity Index 
6. Head Injury Criterion 
7. Resultant Toepan Load and Correction 
8. Head Angular Velocity and Acceleration 

The relationships used to compute the above quantities are listed below: 

Item 1: Sled Velocity Change 

tf 
AV = 

s 
a, dt 

tO 

where 

a f sled longitudinal acceleration, ft/sec 2 

t o b= time zero or event initiation, set 

tf i! event termination, set 

or 

tffto+ At 

where 

At 2 arbitrary time interval (nominally 250 msec) 

Items 2 and 3: External Head or Chest Resultant Acceleration 
(Magnitude) 

a = Jt -t (azJ2’ 
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where 

1 

a x E acceleration in the x direction as measured by the 
accelerometer at its point of attachment, g’s 

a A acceleration in the y direction as measured by the 
Y= 

accelerometer at its point of attachment, g’s 

a, $ acceleration in the z direction as measured by the 
accelerometer at its point of attachment, g’s 

Items 4 and 5: Head or Chest Severity Index 

tf 
SI = r a2* 5 dt 

where 

a 5 external resultant acceleration for the head or chest, g’s 

t o 2 event initiation, set 

tf = A event termination, set 

Item 6: Head Injury Criterion 

t2 - 
s a dt 

tl 
HIC = t2 - tl 

% - t1 

2.5 

where 

a g external resultant head acceleration, g’s 

t1, t2 = any two points in time during the test event such 
that t2 P tl, and HIC is the maximum value. 

Item 7: Resultant Toepan Load and Correction 
* 

F= Jvx)2 + (FYI2 
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where 

F a corrected load appied in the x direction as measured 
x - by left or right load cell, lbf 

Fy 2 corrected load appied in the y direction as measured 
by left or right load cell, lbf 

Correction term: 

The correction term for the left and right “y” component 1s 
given by the expression 

where 

kl g 10.82 lbf/g (constant due to plate angular orientation and 
(mass) 

a 
S 

f sled acceleration, g’s 

The correction term for the left and right “x” component IS given 
by the expression 

F, = k2 a 
S 

where 

k2 4 6.25 lbf/g (constant due to plate angular orientation 
and mass) 

aS 4 sled acceleration, g’s 

Item 8: Head Angular Velocity and Acceleration. 

As originally conceived, the accelerations measured with 
the head pack cluster could be used to compute head angular 
velocity and acceleration. These values, with an estimate of 
spatial location of the accelerometers with respect to the head 
center of gravity, would then be used to correct the head 
resultant acceleration as measured externally to the resultant 
acceleration of the head center of gravity. The equations 
utilized are presented as follows: 
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. 

wz 
= a2y - sly 

X - WxWy 

tv =ww - a2z - alz 
Y x 2 X 

Lb a3y - a1y 

X = wYwz - 2 

where 

0 -2 
W- 

J 
= angular acceleration,about j axis, set 

W. = angular velocity, about j axis, set -1 
J 

a ij 
= component (j) of acceleration measured at the 

indicated location (i), ft-secs2 

x,2 = separation distance along the appropriate axis 
between indicated acceleronreter locations, ft. 

Since the determination of the angular components requires the 
solution of three simultaneous differential equations for which 
an exact solution does not exist, numerical methods were utilized. 
Because of the sensitivity of the technique to the accuracy of the 
measured data, the results were not utilized to correct the external 
head resultant acceleration. Error analysis has indicated that 
in order to obtain reliable angular acceleration results, the 
accuracy of the measured data must be approximately 0.1% of 
the peak linear acceleration. 
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Production Test Analog Signal Summaries 

The time scale for the analog s ummaries presented is 100 msec 
per &vision during the event. The initiation of the event is indicated by 
the step change on the Time Zero Channel. 
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